Knowledge-based planning (KBP) can be used to improve plan quality, planning speed, and reduce the inter-patient plan variability. KPB may also identify and reduce systematic variations in VMAT plans, something very important in multi-institutional clinical trials. Training of a KBP library is a complex and difficult process, and models must be validated prior to their clinical use. The purpose of this work is to assess the quality of the treatment plans generated using a specific versus combined purpose model KBP library for prostate cancer. Seven KBP model libraries were created from a set of patients treated on various Institutional Review Board (IRB) approved protocols. All KBP libraries were validated using an independent set of twenty patients (half treated Pr: Prostate alone half treated PLN: prostate plus pelvic lymph nodes). Two models were tested on the Pr patients only, four tested on PLN patients only, and one tested on all patients. All plans were normalized such that at least 95% of the prostate planning target volume received 100% of the planned dose. The plans based on different model libraries were compared to each other and the expert clinical plan. For Pr plans there were almost no statistically significant differences (P < 0.008) between the plans types except conformity index (CI) with library plans better than the expert. For PLN plans, all model libraries in generally showed femur doses and CI better than the expert plans (P < 0.003). This study demonstrated that no large differences were observed between specific versus combined KBP model libraries in dosimetry of prostate cancer patients. This would allow for a fewer specific plans to be needed to create a model library. Further studies are needed to evaluate benefits of combined purpose model libraries for planning of complex sites such as head and neck cancer. 
| INTRODUCTION
Both intensity modulated radiotherapy (IMRT) and volumetric modulated arc therapy (VMAT) are advanced technologies that have been commonly used for treatment of prostate cancer. 1, 2 However, there may be large variations in the quality of the treatment plans due to differences in both experience and skill of the treatment planners.
Such differences may limit the desired organs-at-risk (OAR) sparing and the target coverage that can be achieved. Recent investigations have demonstrated that knowledge based planning (KBP), which utilizes a library of previously treated patient plans, has enormous potential for improving the quality and consistency of treatment plans. [1] [2] [3] [4] [5] [6] [7] [8] KBP library models are a way to objectively incorporate years of prior solid expert planning experience into the planning process. KBP allows planners of all experience levels to predict the best possible planning goals as well as to create treatment plans that draw on the lessons from successful prior plans. 3, 4 If created properly, such libraries have the power and potential to shorten the time it takes to produce high quality treatment plans as well as to making it possible for planners at all experience levels to generate such plans. A tremendous amount of work goes in to creating these models. Many things must be considered in choosing plans for the models including the quality of the contours, the variations in size for the organs at risk (OARs) and target volume(s), the types of treatment plan (including field setup, energy used, and treatment technique), the overall quality of the plan, the dose goals reached by the plan, and finally the prescription level or levels used in creation of the plan. 9 Initial evaluation of KBP has demonstrated that KBP is able to where P = 11 patients and PLN = 20 patients (P11PLN20). Once the models were configured, the outlier analysis was done using the model analytics tool provided by Varian Medical Systems. All plans in the model libraries were calculated using the Acuros XB (ver.
13.7) dose calculation algorithm.
2.C | Model validation
Twenty patients (10 Pr alone, and 10 PLN) that were not included in any of the KBP library-training sets were used for model validation.
Models (a) and (d) were validated using the ten Pr alone patients, models (b), (e), (f) and (g) were validated using ten patients treated to the prostate plus lymph nodes, and model (c) was validated using all 20 patients. Validation means that a new treatment plan was generated for each of these patients utilizing a single run of the RapidPlan optimizer with minimal planner intervention utilizing each appropriate KBP library. All treatment plans were examined for quality with both physicians and physicists comparing qualitatively and quantitatively the plans.
2.D | Plan evaluation
The plans generated using different KBP libraries were compared to each other and the clinical plans using the PTV dose coverage and OAR sparing based on the dose-volume parameters listed in Table 1 .
Specifically, the data points taken on each plan were the minimum, maximum and mean doses to the PTV80 and, where appropriate, PTV56 treatment volumes; the maximum and mean doses to the bladder, AnoRectum, and both femoral heads; and the percent volume of the bladder and AnoRectum receiving 80, 65 and 40 Gy. The conformity index (CI) and homogeneity index (HI) were also evaluated. CI was defined by the Radiation Oncology Therapy Group (RTOG) as
where PIV is the prescription isodose volume and TV is the tumor volume. 13 The HI used here is defined as
where D 2% is the dose to 2% of the PTV, D 98% is the dose to 98%
of the PTV and D p is the prescription dose for the PTV. 14 In general, the closer CI is to the value of one, the better (more conformal) the plan, and the closer HI is to the value zero, the better (more homogeneous) the plan.
Wilcoxon signed-rank test was used to do pairwise analysis for the statistically significant differences between plans generated using 
| RESULTS
All plans generated by the original KBP model libraries were considered clinically acceptable for treatment within the guidelines set out in the treatment protocols, meaning they met or exceeded the goals in Table 1 . Tables 2 and 3 list the plan comparisons for Pr alone and PLN, respectively, which showed statistical significance (P < 0.008
for prostate alone and P < 0.003 for prostate plus lymph nodes).
Note that on the list in Table 2 Note as well that on the list on Table 3 there are also no comparisons of statistical significance between two different model libraries for the prostate plus lymph node plans, only between the expert planners and KBP model library. For each of the model libraries used for prostate plus lymph node cases, the maximum femur doses (both left and right) and the PTV80 mean doses were lower for the KBP models than the expert planners. In all comparisons of homogeneity index, the KBP model library plans were more homogeneous than the expert plans. For most library types, the mean femur doses were lower for the KBP library, and the CI was closer to ideal for the KBP model library plans more often than not.
In only one case, for library P20PLN11, the minimum dose to the PTV80 was greater by about 750 cGy, on average, for these plans than for the expert plans.
There were no statistically significant differences between in plan quality when comparing the large sized model (n = 97) and the smaller sized models (n = 66 or n = 31); as well as no difference between the models with different ratios of cases types for the various PPLN models. with the model, then reincorporating the new plan into the model.
The difference in plans done with these refined models and the original ones were insignificant, so we decided to stay with the original models. This finding is in line with Delaney, et al. 24 and
Hussein, et al. 3 who showed that the removal of outliers from a good quality model training set did not have a significant impact on the final plan quality. The information seen here shows that the broader model will do as well, and the number of plans mimicking a particular geometry would not need to be as high in order to create a robust KBP library capable of planning on a large body of cases.
Interestingly, the size of the models (66 vs 97 plan models, and 33 vs 97 plan models) made no significant difference in the plan quality for either the Pr or the PLN cases. This could be a case of quality in -quality out. That is to say, the quality of the cases that made up the database were consistent and good enough as to render having 2 or 3 times the number of plans unnecessary. As well,
for PLN cases the ratio of plans in the model made no difference in the model's ability to create a viable plan. Again, this possibly speaks to the quality of the plans in the model that a random sampling gave us good models in all cases.
| CONCLUSIONS
This study indicates that a combined KBP library model library performs as well as a single purpose model, especially for the more complex plans. This indicates that a good prostate cancer model can be created with a mix of plans for treating prostate alone and prostate plus pelvic lymph nodes, and this model will perform well, even for more complex treatment geometries. The general feeling is that this result could be extended to other body sites and plan types, though further investigation is warranted. 
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